. Fig. 1 indicates two experiments in which Type 2 ECHO virus from the 5th HeLa passage, showing high titers both in HeLa and in human embryo cultures, was given undilutedly to HeLa tubes in 0.1 cc amounts.
In both experiments, a marked degree of cellular degeneration proceeded during the first several days and the majority of cells eventually sloughed off. Nevertheless, a small portion of the cells was left adhering to the tube wall, showing either enlargement with rounding or shrinkage with destruction.
On continuation of cultivation of these cells renewing maintenance medium after every few days, production of Each of these cell lines was subcultured and at the 4th day tested for the susceptibility to virus by inoculating the HeLa-adapted Type 2 ECHO virus to this culture after washing the cells. No CP could be recognized after 10 days' observation.
The fluid removed from the culture just prior to the above virus inoculation step was also proved to contain no virus, because it induced no CP on new HeLa cells.
Another resistant subline was obtained from the A-line as follows. The cells of the A-line were passaged employing growth medium and reinfected with the same virus.
Thus, the cycle of cell passage and virus infection was repeated 5 times, and finally the cells were transferred to the ordinary type of bottle culture.
This cell line was called C-line .
Examination for the Resistance of the Type-2-ECHO-Resistant HeLa Cells against Heterologous ECHO Viruses
The A-line and B-line of HeLa cells were tested for their resistance to other prototypes of ECHO virus. a) A-line HeLa cells: The 5th subculture of the A-line and , as a control, the original HeLa cells were transferred respectively to a new culture under identical conditions, and 3 days later inoculated in 0 .1 cc amounts with an undiluted fluid from the 7th HeLa passage of each strain of virus tested . For each virus, the test was carried out in duplicate.
As set out in Table 1 , with the homologous virus , no CP could be perceived in the resistant cell line. With Type 5, 6 and 9 too , retardation in the appearance of CP in the A-line cells as compared with that in the control HeLa cells was evident, and the extent of CP was especially low in the cases of Types 5 and 9. Likewise, a definite, though less marked, difference in the appearance time and degree of CP was observed between the A-line and control HeLa cells with Type 1 and 3 ECHO viruses.
b
) B-line HeLa cells:
A test similar to the preceding one was conducted using the B-line. The 6th subculture of the B-line at the 2nd culture day was •} Small but definite areas of damage.
•¬ Large areas of definite damage with large remaining areas of normal cells.
•¬ Extensive destruction.
•¬ Complete destruction.
F =Detachment from wall.
•g Reciprocal of logs10 TCID50/cc; observation period, 10 days.
• Table 1 . # Virus culture fluid at 6th passage in HeLa . * 6th passage of resistant c ulture after isolation. + Another resistant culture was obtained easily from survi ving cells in these tubes (see Table 4 ). a) Poliovirus: Mahoney strain of Type 1 poliovirus was diluted with decimal increments and inoculated to the 9th subculture of the B-line HeLa cells at the culture age of 3 days. As a control , the parental HeLa cells of the same culture age were similarly inoculated . The appearance of CP and virus titers reached in 1,0 days were similar between both types of cells , and no marked difference in the appearance of CP could be appreciated between them (PlateFigs. 15 and 16). Table 3 presents , for the sake of brevity, only the CP induced by the 10-3 dilution of the seed virus.
In the next experiment , illustrated in Exp. 2 of Table 3, Earlier attempts to isolate HeLa cell lines resistant to the CP of Type 1, 3 or 6 ECHO virus were encountered by the difficulty that these viruses, as stated 
Stability of the Resistance to CP of the Resistant Cell Lines over a Prolonged Period of Cultivation
The Type-2-ECHO-resistant line and its sublines possessing resistances to other prototypes received repeated passages for a period exceeding one year without exposure to virus and then examined for the stability of their acquired resistances against the CP of ECHO viruses.
The cell lines here tested were the C-line and 4 sublines of the Type-2-resistant B-line which were resistant to Types 1 , 5, 6 and 9. When tested, the C-line was at the level of the 68th passage from its separation and the Type-1 , -5 , -6 and -9 resistant lines were at the 56th, 62nd, 51st and 61st passages, respectively, from their separation out of the Type-2-resistant B-line . The passage history was denoted by the codes of C-HL(2)-68 , B-HL(2,1)-56, B-HL(2, 5)-62, B-HL(2, 6)-51 and B-HL(2, 9)-61, where figures in parentheses indicate the prototypes to which the cells are resistant and those following the parentheses the passage level. As a control, the parental HeLa cells were grown under identical condition, and test was performed in a manner similar to the experiments of Tables 1 and 2 . The results obtained are summarized in Table 4 .
In the parental HeLa cells, CP was evident after 24 hours with all the viruses tested, especially with Types 1, 3, 6 and 9 which resulted in sloughing-off of almost all cells at the 48th hour showing high virus titers in the fluid. With Types 2, 5 and 7, the velocity with which cellular degeneration proceeded was less rapid and the virus titers of the fluid were slightly lower than was observed with the above 4 viruses.
The C-line HeLa cells, on the contrary, demonstrated a high resistance to the homologous Type 2 ECHO virus, eliciting only a slight degree of cellular degeneration later than the 4th day following the infection and complete recovery therefrom soon afterwards. The resistance gained by this cell line covered not only the homologous but also the heterologous ECHO viruses. The resistances to Types 5, 7 and 9 were expressed by retardation in appearance and reduction in intensity of CP as compared with the parental HeLa cells. Viruses capable of inducing high degrees of CP in the parental HeLa cells such as Types 1, 3 and 6 also revealed some extent of lowering of CP in the C-line cells.
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to those of the C-line cells. However, the resistance against the homologous Type 5 ECHO virus was not as conspicuous as shown by the C-line cells against its homologous Type 2 virus. The Type-9-resistant line, B-HL(2, 9), disclosed a general trend of increased resistance to all the prototypes tested as compared with the above two resistant cell lines. Especially marked were its resistances to Types 5 and 7 as well as to the homologous Type 2. A strange fact was that the resistance against the homologous Type 9 virus appeared to be lower than that against the heterologous Types 5 and 7. On the other hand, even with Types 1, 3 and 6, whose CP in the parental HeLa cells always surpassed that of other prototype viruses, marked degrees of suppression of CP could be seen. Table  2 ).
•g Reciprocal of logs10 TCID50/cc in parent HeLa. Observed for 10 days.
Finally, the Type-1 and Type-6 resistant lines, B-HL(2,1) and B-HL(2, 6), were proved to be of higher resistances than B-HL(2,9) as against all the viruses. Virtually, a complete inhibition of CP occurred not only with the homologous virus but also with all the other ECHO viruses tested including prototypes capable of causing intensive CP such as Types 1, 3 and 6.
It was established, thus, that the more intensive CP was induced primarily by a virus used for the production of resistant cells, the stronger overall resistances against all prototypes were conferred to the resulting resistant cell line. At the same time, so long as a virus of weaker CP was used, even repeated superinfections of cells with it could not bring the acquired resistances of the progeny cells beyond a certain limit, as exemplified by C-HL(2)-68 in the above experiment.
It was also warranted that the resistances of cells once acquired were stable over a prolonged period of cultivation, despite the fact that these cell lines had not been subjected to any clone selection. Examination for the Production of Active Virus by the Resistant Cell Lines Cieciura et al. (1957) reported that HeLa cells acquiring resistance to Newcastle disease virus (NDV) after being exposed to it revealed , after 2 years cultivation, the presence of virus therein by its reactivation on transfer of the cells onto a feeder-layer, X-irradiated HeLa cells . Vogt et al. (1958) also pointed out that, in the course of development of polio-resistant HeLa cells , earlier cultures sometimes produced active virus . In the present study, it was noted earlier (Fig. 2, Tables 1 and 2 ) that no active virus production could be seen even in the very initial culture of the resistant cell lines , A, B and C. Whether this holds true for other resistant cell lines subsequently obtained was then explored.
The resistant HeLa cell lines at varying passage levels were cultured for 2 to 13 days and the fluid or whole culture treated with freeze-thawing was ex -OF ECHO-RESISTANT HELA CELLS 89 amined for the presence of virus. The results, recorded in Table 5 , clearly indicated that none of these cell lines demonstrated active virus production, except B-HL(2, 6) which showed active virus at the 15th and 16th passages. The virus recovered turned out to be ECHO Type 6 by neutralization tests. The cell passages later than the 31st passage of B-HL(2, 6), however, involved no more active virus.
DISCUSSION
The experiments herein stated indicate that the establishment of sublines of HeLa cells possessing resistances against the CP of ECHO viruses is possible by means of bringing the cells in a prolonged contact with a massive amount of virus. No inverse relation between the inoculum size of virus and the extent of cellular degeneration could be observed in the present attempts.
However, it is noteworthy that such variant cells readily appeared with a high reproducibility when HeLa cells were exposed to Type 2 ECHO virus inoculated en masse.
Morphologically, the resistant cells thus established could hardly be differentiated from the parental HeLa cells. On the other hand, cell lines resistant to ECHO prototypes other than Type 2 were difficult to obtain from the parental HeLa cells, since the CP caused in the latter cells was too severe. Use of antiserum for isolation of virus-resistant cell lines might have contributed to the establishment of the HeLa sublines resistant to the abovedescribed ECHO viruses of intensive CP. In the present experiments, this was possible only by means of the two-step process, first the development of Type-2-resistant and then doubly resistant cell lines.
Any alternative method for developing resistant cell lines may be worth trying, because it might be possible by some means or other to obtain another resistant cells which differ from parental HeLa in its morphological appearance. Vogt et al. (1958) isolated elongated fusiform HeLa cells which were resistant to poliovirus.
As just mentioned, the resistant cultures herein described resembled the parental HeLa cells in morphological appearance and retained the resistances to ECHO viruses during the cultivation for more than a year. This is a contrast to the emphasis laid by Stulberg et al. (1958) that differences in morphology are of significance with respect to virus susceptibility of cells. They indicated the presence of marked differences in ECHO virus susceptibility between a fibroblast-like cell strain (Detroit-196 Fb-L) and its epithelial-like derivative .
The mechanism by which the resistant cell lines came to appearance might be explained by either of the following two alternatives.
The first explanation is that resistant cells had already occupied a certain minor proportion of the parental HeLa cells and were brought forward as a result of the selection by the massive inoculation of virus. The above-stated fact that there was no morphological changes during the course of such resistant cell selection may support this possibility, and if this were true one might be able to determine the proportions of various types of resistant cells in the original HeLa cell culture by some appropriate means. However, this explanation does not seem to account for the reason why the two-step selection was needed for the development of Type-1, -3 and -6 resistant cell lines and why the cellular resistance established followed a gradient depending upon the virus used for selection . The second explanation is that a persistent latent viral infection , or virogenicity, was induced in randomly selected cells, resulting in acquisition by the cells of interfering capacity against the homologous or closely related viruses .
The second explanation may be given support in light of recent works indicating the presence of persistent viral infection of cultured cells which showed interference against unrelated cytopathogenic agents Bergs et al., 1958) . In the persistent infection of Earle's L cells with WEE virus (Chambers, 1957) , the role of interference in bringing about cellular resistance against the homologous virus was suggested by the fact that the cellular resistance was present in concomitance with the presence of virus detectable in the culture. Chanock (1955) reported that the monkey kidney cells which had accidentally been infected with Newcastle disease virus and escaped from its destructive action exhibited varying degrees of resistance to polioviruses and to several types of ECHO virus . Interference between polioviruses and Coxsackie B or ECHO virus in monkey kidney culture has also been reported (Lycke, 1958) .
Attribution to interference of the phenomena observed in the present study might be justified by recovery of virus from the resistant cell lines established , and various attempts have been made along this line, attention being paid thereby to the fact that manifestation of CP depends on subtle change in such factors as medium pH (Barrow and Karzon, 1957) . Nevertheless, temporary virogenicity was seen only in the cell line derived from Type 6 ECHO virusinfected HeLa cells, which showed no release of active virus any more subsequent to the 31st passage.
It is also known that antibodies can play a role in masking virus infection (Ginsberg, 1958; Ackermann, 1957) , but it is far from likely in the present cases that adult horse serum at the concentrations used contained non-specific antibodies in sufficient amounts to exert any interfering effect on active virus production.
One might be reminded, in this connection, that an increase in the cellular susceptibility to virus was demonstrated by X-irradiated giant HeLa cells and patas monkey kidney cells (Cieciura et al., 1957; Hsiung, 1959) . However, use of this method for the detection of latent viral infection may not necessarily be successful, because Vogt et al. (1958) indicated that the proportion of virusyielding cells counted on monolayers of monkey kidney cells at an early passage of polio-resistant HeLa culture did not differ significantly from that determined on monolayers of giant HeLa cells. Though this technic seems to be worth trying in our further study, it thus remains an implication at this moment that a persistent latent viral infection may have existed in the resistant HeLa cell lines obtained.
Should the second possibility be valid, the present observation would add another example to what can be categorized as animal virus lysogenicity . Thus far, only one such case is known, that is Newcastle disease virus in HeLa cells (Cieciura et al., 1957; Puck and Cieciura, 1958) . In fact, in the case of bacteriabacteriophage systems, lysogenic strains are generally immune to the homologous temperate phage and its virulent mutants, while being not immune to phages OF ECHO-RESISTANT HELA CELLS 91 which are not serologically related to the homologous phage. The properties of immunity has already been defined (Bertani, 1958) . In the ECHO-resistant HeLa cell lines, the acquired resistance covered homologous and some heterologous ECHO virus types but not other viruses tested.
Furthermore, the most interesting observation was that the more intensive CP was induced in the parental HeLa cells by a virus, the stronger overall resistances covering all ECHO types were attained by the surviving progeny cells. Although the significance of this phenomenon is obscure at the present moment, it appears to give a clue to solve the problems under study with accumulation of more experimental data in the future. The author wishes to express his sincere gratitude to Dr. M. Kitaoka, Dr. N. Takemori and Dr. K. Yoshino for their valuable criticisms and help in preparing this paper. The author is indebted to Drs. K. Suzuki and N. Kishi for their cooperation in this investigation and the skilful technical assistance of Mrs. K. Karasawa is also gratefully acknowledged. 
